Residual mitral stenosis accounts for most of the poor results after mitral valvotomy (Baker and Hancock, 1960; Higgs et al., 1970) . Clinical diagnosis of residual mitral stenosis is difficult without haemodynamic studies (Selzer and Cohn, 1972) . Noninvasive evaluation by echocardiography would be an advantage if the technique could be shown to be reliable. Classical features such as a reduced diastolic closure rate and anterior movement of the posterior mitral leaflet are not sufficiently sensitive to enable diagnosis of lesser degrees of residual mitral stenosis to be made (Cope et al., 1975; Ticzon et al., 1975) . We recently reported a new echocardiographic index of mitral valve closure that correlates well with the haemodynamically determined mitral valve area in patients with dominant mitral stenosis (Shiu, 1977) .
Valvotomy causes an increase in the mitral valve closure index in some, but not all patients. This suggests to us that the postoperative mitral valve closure index may be a simple method for the noninvasive evaluation of residual mitral stenosis. We report here a follow-up echocardiographic study of 54 patients undergoing mitral valvotomy. Echocardiographic analyses included the mitral valve closure index and the pattern of posterior mitral leaflet movement. These features were compared with patients' subjective symptoms, objective exercise indices, and, in 7 patients, postoperative haemodynamic studies.
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Patients and methods
The study comprised 54 patients, 10 men and 44 women aged from 15 to 64 years, operated on for lone mitral stenosis. Ten patients were in sinus rhythm and the remainder in atrial fibrillation at the time of operation: one patient developed atrial fibrillation after operation. No (Popp, 1976 (Gorlin and Gorlin, 1951 (Fig. 3 ).
FUNCTIONAL CLASS
The distribution of the postoperative mitral valve closure indices according to functional class is shown in Fig. 4 . Twenty-one patients were asymptomatic (Class 1) and their mean mitral valve closure index (110 ± 6) was significantly higher than patients with residual symptoms (P < 0-005). Twenty-five patients were in functional class II and 6 were in class III (mean closure index 75 ± 6 and 50 ± 11, respectively). Two patients left the country before evaluation at 3 months and were not included. (Shiu, 1977 men and women (P < 0*05 for men; P < 0-01 for women; Fig. 5 ). As might be expected, in patients with comparable mitral valve closure indices, male patients achieved higher maximum work loads than female patients. 
PREOPERATIVE ANTERIOR MITRAL LEAFLET EXCURSION
In the 42 patients for whom preoperative ecnocardiograms were available, 14 had anterior mitral leaflet excursions below 14 mm and their postoperative mitral valve closure indices were significantly lower than the rest (70 ± 7 and 98 ± 6, respectively, P < 0 01, Fig. 11 ). Four patients with abnormally low excursions also had posterior diastolic movement of the posterior mitral leaflet.
Discussion
Lasting haemodynamic and symptomatic improvement after mitral valvotomy depends on adqquate relief of the mitral obstruction (Ellis et al., 1959; Baker and Hancock, 1960) . The true incidence of residual stenosis after mitral valvotomy may be higher than suspected on clinical grounds (Selzer and Cohn, 1972) . Feigenbaum et al. (1968) and Higgs et al. (1970) showed that persistence of symptoms or their return after a period of apparent improvement was most often the result of residual stenosis and not mitral regurgitation or restenosis. In Feigenbaum et al.'s (1968) study, pre-and postoperative investigations showed that the change in the mitral valve area varied from -0 1 cm2 to + 38 cm2. Similarly, Mullin et al. (1972) found that the postoperative mitral valve area in 12 patients ranged from 14 cm2 to 36 cm2. Routine echocardiographic examination of patients after mitral valvotomy would disclose more patients with residual mitral stenosis than suspected clinically. The classical echocardiographic criteria for mitral stenosis are a slow diastolic closure rate and anterior movement of the posterior mitral leaflet. Neither of these features is sufficiently sensitive to allow confident diagnosis of residual stenosis. The diastolic closure rate has been shown to increase after valvotomy (Edler, 1967) but more recent studies showed that this measurement correlated poorly with valve area as determined haemodynamically (Cope et al., 1975; Nichol et al., 1977; Preop Shiu, 1977) . 'Normal' posterior movement of the posterior mitral leaflet has been reported in up to 17 per cent of patients with true and sometimes severe mitral stenosis so that posterior mitral leaflet movement alone cannot be relied on to diagnose residual stenosis.
The rationale behind the measurement of mitral valve closure index is that mitral valve closure is delayed in mitral stenosis proportionate to the severity of the obstruction. The fundamental difference between the mitral valve closure index and the diastolic closure rate is that the mitral valve closure index measures the intrinsic rate of closure of the two mitral leaflets while the diastolic closure rate measures anterior mitral leaflet movement plus mitral ring and other movements not relevant to valve closure. The relation between mitral valve closure index and haemodynamically determined mitral valve area found in preoperative patients would be expected to remain after mitral valvotomy, since residual mitral stenosis will again cause delayed valve closure.
We have chosen an arbitrary postoperative mitral valve closure index of 70 below which we consider that residual stenosis is present. From the previous study in preoperative patients, this value is equivalent to a mitral valve area of 2 5 cm2. By this criterion, one-third of our patients have residual stenosis. Of these 18 patients, 12 had mild, 4 moderate, and 2 severe stenosis as judged from their mitral valve closure index. Seven patients-5 with residual mitral stenosis and 2 without-had haemodynamically determined mitral valve areas in close agreement with that estimated by their mitral valve closure index.
The postoperative mitral valve closure indices were significantly different in patients of different functional classes (Fig. 4) . Even more importantly, patients with higher postoperative mitral valve closure index achieved higher maximum exercise levels and had higher oxygen uptake and cardiac indices during submaximal exercise. While factors such as patient co-operation, left ventricular function, and mitral regurgitation may influence results of exercise tests, it is likely that residual mitral stenosis is the major limiting factor in these patients. Certainly Feigenbaum et al. (1968) showed that increases in cardiac index and falls in pulmonary vascular resistance correlated closely with increases in valve areas.
A change from anterior to posterior movement of the posterior mitral leaflet has been taken to indicate a successful valvotomy (Feigenbaum, 1976) . In this study, those patients in whom the posterior mitral leaflet remained anterior after valvotomy had a significantly lower postoperative mitral valve closure index than those in whom posterior mitral leaflet movement became normal (Fig. 11, 12, and 13 ). Residual stenosis, as defined by a postoperative mitral valve closure index of below 70, was not seen in any of the patients in whom posterior mitral leaflet movement became normal, but was found in 50 per cent of patients in whom anterior posterior mitral leaflet persisted.
Two features in the preoperative echocardiogram were found to be associated with an increased incidence of residual mitral stenosis. These are an anterior mitral leaflet excursion of below 14 mm, and posterior diastolic movement of the posterior mitral leaflet. Low anterior mitral leaflet excursion has been known to be a relative contraindication for mitral valvotomy (Nanda et al., 1975) . The other finding was less expected, but supports the concept that normal posterior mitral leaflet movement, despite the presence of significant mitral stenosis, ----IIII
.." I M-1.
-.M.'P'P. a denotes cuspal rather than commissural disease (Ticzon et al., 1975; Shiu et al., 1978) , and thus will not be improved by mitral valvotomy. None of our patients showed a significant reduction in the mitral valve closure index or change in posterior mitral leaflet movement on repeated examination after valvotomy (Fig. 14) . Longitudinal studies over a longer period may show such changes and throw light on the incidence of mitral restenosis and on whether restenosis is commonly the result of commissural refusion or progressive cuspal disease. 
